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GENETIC IMMUNIZATION WITH NONSTRUCTURAL PROTEINS 

OF HEPATITIS C VIRUS 

FIELD OF THE INVENTION 

The present invention relates to recombinant nucleic acid molecules, and 
5 pharmaceutical compositions comprising the same, which are useful as, for example, anti- 
hepatitis C virus vaccine components in genetic immunization protocols, to methods of 
inducing an immune response against hepatitis C virus infection and to methods of treating 
individuals suffering from hepatitis C virus infection. 

BACKGROUND OF THE INVENTION 

1 0 Hepatitis C virus (HCV), the major etiologic agent of transfusion acquired non- 

A, non-B hepatitis, is responsible for approximately 1 50,000 new cases of acute viral hepatitis 
annually in the United States. Choo, et ai. Science. 1989, 244, 359-362. There is a 
prevalence of 0.6 to 2.0% in western countnes and up to 1 5% in some underdeveloped regions 
of the wwld. Heintges, et uL, Hepatolog\\ 1997, 26, 521-526. Approximately half of these 

15 infections progress to a chronic infection that can be associated with cirrhosis and/or 
hepatocellular carcinoma (Alter, et al.. Science. 1992, 258. 135-140; and Alter, et aL. New 
Eng. J. Mecl. 1992, 327. 1 899-1 905). In addition, HCV infection is an independent risk factor 
for the development of hepatocellular carcinoma as shown by the prevalence of anti-HC\' 
antibodies (Colombo, et uL, Lancet, 1989, //, 1006-1008; Saito. et oL. Proc. Natl, Acad Sci. 
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USA, 1990, 87, 6547-6549; Sinwnciiu et aL, An. Int. Med, 1992. /y6, 97-102; and Tsukuma, 
et ai. New Eng. J. Mecl. 1993, 328. 1797-1801 ). 

HCV is an enveloped, positive stranded RNA virus, approximately 9,500 
nucleotides in length, which has recently been classified as a separate genus within the 
5 Flavivirus family. Heinz, Arch. Virol. (SuppL), 1992, 4, 163-171. Different isolates show 
considerable nucleotide sequence diversity leading to the subdivision of HCV genomes into 
at least eight genotypes. Simmonds, et al, J. Gen. Virol., 1993, 74. 2391-2399. In all 
genotypes, the viral genome contains a large open reading frame (ORF) that encodes a 
precursor polyprotein of 3010 to 3033 amino acids of approximately 330 Kd. Choo, et aL. 
10 Proc. Natl Acad. Sci. USA. 1991, 88, 2451-2455; hichauspe, et aL, Proc. Nad. Acad. Sci. 
USA, 1991, 88. 10292-10296: Kato, etaL,Proc. Nad. Acad. Scl USA. 1990, 87, 9524-9528; 
Okamoto, et al, J. Gen. ViroL. 1991, 72, 2697-2704; and Takamizawa, et al. J. Gen. Virol. , 
1991, 65, 1105-1113. 

Individual HCV polypeptides are produced by proteolytic processing of the 
15 precursor polypeptide to produce core (C), envelope (El, E2) and non-structural (NS2-NS5) 
proteins, Bartenschlager, etaL,J. Gen. ViroL, 1993, 67, 3835-3844; Grakoui, et al.,J. Gen. 
Virol, 1993, 67, 2832-2843; and Selby, et al, J, Gen. Virol, 1993, 74. 1103-1113. This 
proteolysis is catalyzed by a combination of both cellular and viral encoded proteases. The 
NS3 gene encodes for a serine protease which cleaves the viral polyprotein precursor post- 
20 transcriptionally at several functions and also serves as the viral helicase. The NS5 region 
encodes for the RNA-dependent RNA-Polymerase of the virus. 

In addition to the translated region, the HCV genome also contains both a 5' 
untranslated region (5' UTR) and a 3' untranslated region (3' UTR). The 5' UTR of 324 to 341 
nucleotides represents the most highly conserved sequence among all HCV isolates reported 
25 to date. Han, et al. Proc. Natl Acad. Sci. USA. \99\. 88. 1711-1715; and Bukh, et al. Proc. 
Natl Acad. Sci. USA. 1992, 89. 4942-4946. This 5' UTR has been postulated to contain 
important regulatory elements for replication and/or translation of HCV RNAs. The 5' UTR 
also contains several small open reading frames (ORF) but there is presently no evidence to 
suggest that these ORF sequences are actually translated. 
30 The cellular immune events involved in liver damage and viral clearance during 

HCV infection have only partially been defined. In an attempt to examine a potential 
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palhogenic role of liver-infillratmg lymphocytes in patients with chronic HCV infection, 
Koziel et al. examined the cytotoxic T lymphocyte (CTL) response of such cells and 
demonstrated an HLA class I-restricted CD8+ CTL response that was directed agamst both 
structural and non-structural regions of HCV polypeptides. Koziel, ci/., J. Virol. , 1993,67, 
5 7522-7532; and Koziel, et aL, J. Immunol., 1992, 149, 3339-3344. Other investigators have 
also noted the existence of CTLs in peripheral blood mononuclear cell populations that 
recognize epitopes on core and the other viral related proteins during chronic HCV infection. 
Kiia.etaL. Hepatol. , 1993, 7S, 1039-1044; and Cemy, a/., Symp. Viral Hepatitis Live?- 
Dis., 1993, 83 (abstr.). Botarelh, et ai (Botarelli, etaL. GastroenteroL, 1993, 104, 580-587) 

10 and Ferrari, et aL (Ferrari, et al, Hepatol. 1994, 7 9, 286-295) found HLA class Il-restricted 
CD4+ T cell-mediated proliferative responses to several recombinant proteins derived from 
different regions of HCV in patients with chronic HCV infection. 

During active HCV infection, humoral and cellular immune responses have been 
shown to be polyclonal and multispecific and it is likely that the host immune response 

1 5 produced during persistent HCV infection is responsible, in part, for production of the liver 
cell injury. However, these immune responses may not be sufficiently broad based or 
vigorous enough to promote viral clearance and generate protective immunity in individuals 
with chronic HCV infection. Chisari,J. Clin. Invest, .99, \A12-\A11 . Those individuals 

who have recovered from acute HCV infection have recently been shown to develop strong 

20 proliferative CD4-+^ T cell responses directed against peptide derived from the nonstructural 
proteins. Missale, et ai, J. Clin. Invest., 1996, 98. 706-714; and Diepolder, et al. Lancet, 
1995, 346, 1006-1007. More important, the generation of HCV specific CTL activity appears 
to be associated with control of viral replication in individuals w^ith chronic hepatitis. 
Rehennann,e/a/.,y. Clin. Invest., 1996, 9S, 1432-1440; and Nelson, a/., J. Immunol. 1997, 

25 158, 1473-1481. 

However, it is unknown if the nonstructural proteins NS3, NS4 and NS5 are 
sufficiently immunogenic to generate broad based and vigorous CTL-responses in vivo. 

Presently, there is no universal, highly effective therapy of chrome HCV 
infection. Development of a vaccine strategy for HCV is complicated not only by the 

30 significant heterogeneity among HCV isolates, but also by the mixture of heterogeneous 
genomes within an isolate. Martell, et al. J. Virol. 1992, 66, 3225. In addition, the virus 




wo 99/38880 PCT/US99/01823 

-4- 

contains a highly variable envelope region. Effective therapy has been limited only to 
interferons. Carithers, et aL.Hepatology\ 1997, 26. 83S-88S. Indeed, approximately 8 - 10% 
of individuals treated with such agents respond and irradicate HCV from the liver. However, 
recent studies have revealed that individuals who recover from acute HCV infection develop 
5 substantial CD4-r T-cell proliferative responses against the nonstructural proteins as compared 
to those individuals who acquire persistent HCV infection. Missale, et al, J. Clin. Invest., 
1996, 95, 706-714; and Diepolder, et aL, Lancet^ 1995, 346, 006-1007. 

Direct injection of DNA into animals is a promising method for delivering 
specific antigens for immunization. Barry, et ai. Bio Techniques, 1994, 76, 616-619; Davis, 

10 et a/.. Hum. MoL Genet., 1993, 77, 1847-1851; Tang, et aL, Nature, 1992, 356, 152-154; 
Wang, etaL,J. Virol., 1993, 67,3338-3344; and Wolff, et aL, Science. 1990, 247, 1465-1468. 
This approach has been successfully used to generate protective immunity against influenza 
virus in mice and chickens, against bovine herpes virus 1 in mice and cattle and against rabies 
virus in mice. Cox, et aL,J. Virol, 1993, 67, 5664-5667; Fynan, et al., DNA and Cell Biol, 

15 1993, 12, 785-789; Ulmer, et aL, Science, 1993, 259, 1745-1749; and Xiang, et aL, ViroL, 
1994, 799, 132-140. Inmost cases, strong, yet highly variable, antibody and cytotoxic T-cell 
responses were associated with control of infection. Indeed, the potential to generate long- 
lasting memory CTLs without using a liver vector makes this approach particularly attractive 
compared with those involving killed-virus vaccines and generating a CTL response that not 

20 only protects against acute infection but also may have benefits in eradicating persistent viral 
infection. '^om,etaL, Science, 1990,247, 1465-1468; Wolff, era/., Mo/. Genet., 1992, 
7, 363-369; Manthorpe, et aL, Human Gene Therapy, 1993, 4, 41 9-43 1 ; Ulmer, et aL. Science. 
1993, 259, 1745-1749; Yankauckas, et aL, DNA and Cell Biol, 1993, 12, 111 -!%!>■, 
Montgomery, et aL, DNA and Cell BioL, 1993, 12, 111-1%1>'. Fynan, et aL. DNA and Cell 

25 BioL. 1993, 12. 785-789; Wang, et aL. Proc. Nad. Acad. Sci. USA. 1993, 90. 4156-4160; 
Wang, et aL. DNA and Cell BioL, 1993, 12. 799-805; Xiang, et aL. ViroL, 1994, 799, 132- 
140; Davis,era/.,//w/N. MoL Genet.. 1993, 77, 1 847-1 85 1 : Donnelly, e/ a/. , Va/. Med.. 1995, 
7, 583-587; Boyer, etaL.Nat. Med.. 1997, 3. 526-532; Tascon, et al.Nat. Med.. 1996, 2. 888- 
892; and Huygen, et aL. Nat. Med.. 1996, 2. 893-898. The advantage of this method 

30 compared to immunizations w^ith soluble recombinant proteins or peptides is the ability to 
induce a strong inflammator\' CD4+ T cell response as well as cytotoxic T cell activity. 
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presumably due to the intracellular processing of viral proteins into peptides and subsequent 
loading on MHC class I molecules in transfected cells and yet to be defined interactions with 
antigen presenting cells. In contrast, immunization with soluble protein leads primarily to 
a humoral immune response due to precessing through the MHC class II pathway. 
5 Immunization with synthetic peptides has several disadvantages since only a limited number 
of epitopes are available for stimulation of the host immune response. In contrast, all 
naturally occumng B and T cell epitopes encoded for each protein by the DNA construct of 
interest are presumably preserved for recognition by T cell receptors and therefore will 
presumably generate very broad based humoral and cellular immune responses. McDonnelK 

10 et aL, N. Engl. J. Med., 1996, 334, 42-45. 

Vaccination and immunization generally refer to the introduction of a non- 
virulent agent against which an individual's immune system can initiate an immune response 
which will then be available to defend against challenge by a pathogen. The immune system 
identifies mvading "foreign" compositions and agents primarily by identifying proteins and 

1 5 other large molecules which are not normally present in the individual- The foreign protein 
represents a target against which the immune response is made. 

PCT Patent Application PCT/US90/01348 discloses sequence information of 
clones of the HCV genome, amino acid sequences of HCV viral proteins and methods of 
making and using such compositions including anti-HCV vaccines comprising HCV proteins 

20 and peptides derived therefrom. 

U.S. Patents 5,830,876, 5,593,972, 5,739,1 1 8 and PCT Patent Apphcation Senal 
Number PCT/US94/00899 filed January 26, 1994, the disclosures of which are incorporated 
herein by reference in their entirety, each contain descriptions of genetic immunization 
protocols. Vaccines against HCV are disclosed in each. 

25 There remains a need for vaccines useful to protect individuals against hepatitis 

C virus infection. There remains a need for methods of protecting individuals against hepatitis 
C virus infection. 
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SUMMARY OF THE INVENTION 

The present invention relates to recombinant nucleic acid molecules comprising 
a nucleotide sequence thai encodes a hepatitis C virus nonstructural protein, such as, for 
example, NS3, NS4, or NS5, or a combination thereof 
5 The present invention relates to pharmaceutical compositions composing a 

recombinant nucleic acid molecule that compnses a nucleotide sequence that encodes a 
hepatitis C virus nonstructural protein. The nucleotide coding sequence that encodes the 
hepatitis C virus nonstructural protein is operably linked to regulatory elements functional in 
human cells. The pharmaceutical composition additionally comprises a pharmaceutically 

10 acceptable carrier or diluent, and optionally a facilitator such as, for example, bupivicaine. 

The present invention relates to methods of immunizing an individual 
susceptible to hepatitis C virus comprising administering to such an individual, a 
pharmaceutical composition composing a recombinant nucleic acid molecule which 
comprises a nucleotide coding sequence that encodes a hepatitis C virus nonstructural protein, 

15 The nucleotide coding sequence that encodes the hepatitis C virus nonstructural protein is 
operably linked to regulatory elements functional in human cells. The pharmaceutical 
composition additionally comprises a pharmaceutically acceptable carrier or diluent. The 
individual is administered an amount effective to induce a protective immune response against 
hepatitis C virus infection. 

20 The present invention relates to methods of treating an individual having 

hepatitis C virus comprising administering to such an individual, a pharmaceutical 
composition comprising a recombinant nucleic acid molecule which comprises a nucleotide 
coding sequence that encodes a hepatitis C virus nonstructural protein. The nucleotide coding 
sequence that encodes the hepatitis C virus nonstructural protein is operably linked to 

25 regulatory elements functional in human cells. The pharmaceutical composition additionally 
comprises a pharmaceutically acceptable carrier or diluent. The individual is administered an 
amount effective to induce a therapeutic immune response against hepatitis C virus infection. 



BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 A shows a schematic illustrating a single large ORF of HC\^ encodes 
30 for a polyprotcm precursor of about 301 1 -3030 aa which is cleaved by host signal and virus 
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proteases into the different structural and nonstructural proteins, as shown by the arrows. 
Figure IB show^s an exemplar\^ autoradiography of the expression of nonstructural proteins 
follow^ing transient transfection of HuH-7 and stable transfection of SP2/0 cells. Lanes 1, 3 
and 5 are mock DN A transfected cells and serv^e as a negative controls (Mock); lanes 2, 4 and 
5 6 show specific bands of about 70 for NS3, about 30 forNS4 and 125 kD for NS5. Lane 7-10 
shows SP2/0 cells transfected with nucleic acid constructs containing the genes for NS3, NS4 
and NS5, respectively. Lanes 7 and 9 represent cell lysates derived from cells stably 
expressing HCV-core protein as negative control (SP2-10), whereas lanes 8 and 10 represent 
specific expression of NS3 and NS5. 

1 0 Figure 2 A is a bar graph showing a representative humoral immune response to 

NS3, NS4 and NS5 generated by DNA-based immunization; serum antibody levels were 
measured by an ELIS A (each group: n=5). Figure 2B is a bar graph showing a representative 
T-cell proliferation measured 3 days after in vitro stimulation with specific or nonspecific 
recombinant proteins. Figures 2C, 2D, and 2E are bar graphs showing representative cytokine 

15 secretion, IFN-y, IL-2, and IL-4, respectively, into the supernatant measured after 48 hours 
of in vitro stimulation. 

Figures 3A and 3B are bar graphs showing a representative cytotoxic T-cell 
(CTL) response to NS3 and NS5, respectively, at different effector to target cell ratios ( 1 00: L 
30:1, 10:1, 3:1). Figure 3C is a bar graph showing a representative chromium release assay 

20 against the stable transfected target cell lines. 

Figure 4A is a table showing representative results of a tumor model to assess 
CTL activity. Figure 4B is a photograph showing, from left to right, animals immunized with 
1) mock DNA and challenged with SP2/NS5-21 cells; 2) pApNS5 and challenged with 
SP2/NS5-21 cells; 3) pApNS5 and challenged with SP2-19, (stable expressing HCV core); 

25 and 4) animal immunized three times i.p. with recombinant NS5 protein and challenged with 
SP2/NS5-21 cells. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

According to the present invention, compositions and methods are provided 
which prophylactically and/or therapeutically immunize or treat an individual against HCV 
30 infection. Recombinant nucleic acid molecules comprising a nucleotide coding sequence that 
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encodes a HCV nonstructural protein, such as, for example, NS3, NS4, or NS5, or a 
combination thereof, are admmistered to the individual. The protein encoded by the 
recombinant nucleic acid gene construct is expressed by the individual's cells and ser\ cs as 
an immunogenic target against which an anti-HCV immune responses are elicited. The 
5 resulting immune responses are broad based; in addition to a humoral immune response, both 
arms of the cellular immune response are elicited. The methods of the present invention are 
useful for conferring prophylactic and therapeutic immunity. The methods of the present 
invention can also be practiced on mammals, other than humans, for biomedical research. 
Thus, the methods of the present invention can be employed to both immunize an individual 
10 from HCV challenge as well as treat an individual suffenng from HCV infection. 

As used herein, the phrase "HCV nonstructural protein" is meant to refer to HCV 
nonstructural proteins NS3, NS4, and NS5, and equivalents thereof. Equivalent proteins 
include peptide fragments of NS3, NS4, and NS5 which retain bioactivity as described herein. 
In addition, the term HCV nonstructural protein is meant to refer to corresponding HCV 
15 nonstructural proteins from additional HCV isolates which may vary in sequence. Those 
having ordinary skill in the art can readily identify the HCV nonstructural proteins from 
additional HCV isolates. It is to be understood that nucleotide substitutions in the codon may 
be acceptable when the same amino acid is encoded. In addition, it is also to be understood 
that nucleotide changes may be acceptable wherein conserv^ative amino acid substitution(s) 
20 result from the nucleotide substitution(s). It is to be understood that the phrase "HCV 
nonstructural protein" also includes fusion proteins comprising the nonstructural protein, as 
well as therapeutically or prophylactically active fragments thereof. 

As used herein, the phrase "gene construct" is meant to refer to a recombinant 
nucleic acid molecule comprising a nucleotide coding sequence that encodes a HCV 
25 nonstructural protein, as well as initiation and termination signals operably linked to 
regulatory elements including a promoter and polyadenylation signal capable of directing 
expression in the cells of the vaccinated individual. In some embodiments, the gene construct 
further comprises an enhancer, Kozak sequence (GCCGCCATG; SEQ ID NOT ). and at least 
a fragment of the HCV 5' UTR. 
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As used herein, the phrase "genetic vaccine" refers to a pharmaceutical 
preparation that comprises a gene construct. Genetic vaccines include pharmaceutical 
preparations useful to invoke a prophylactic and/or therapeutic immune response to HCV. 

As used herem, the phrase "nucleic acid" refers to DNA, RNA, or chimeras 
5 formed therefrom. 

According to the present mvention, gene construct(s) are introduced into the 
cells of an individual where it is expressed, thus producing at least one HCV nonstructural 
protein. Preferably, the regulatory elements of the gene constructs of the invention are 
capable of directing expression in mammalian cells, preferably human cells. The regulator}^ 
10 elements include a promoter and a polyadenylation signal. In addition, other elements, such 
as an enhancer and a Kozak sequence, may also be included in the gene construct. 

When taken up by a cell, the gene constructs of the invention may remain 
present in the cell as a functioning extrachromosomal molecule or it may integrate into the 
cell's chromosomal DNA. Nucleic acid, such as DNA, may be introduced into cells where it 
1 5 remains as separate genetic material in the form of a plasmid. Alternatively, linear nucleic 
acid can integrate into the chromosome may be introduced into the cell. When introducing 
nucleic acid into the cell, reagents which promote nucleic acid integration into chromosomes 
may be added. DNA sequences which are useful to promote integration may also be included 
in the DNA molecule. Alternatively, RNA may be administered to the cell. It is also 
20 contemplated to provide the gene construct as a linear minichromosome including a 
centromere, telomeres and an origin of replication. 

According to the present invention, the gene construct comprises recombinant 
nucleic acid molecules comprising a nucleotide coding sequence that encodes a HCV 
nonstructural protein. In some preferred embodiments, the recombinant nucleic acid molecule 
25 comprises a nucleotide coding sequence that encodes NS3. In other preferred embodiments, 
the recombinant nucleic acid molecule comprises a nucleotide coding sequence that encodes 
a HCV nonstructural protein that comprises NS4. In other preferred embodiments, the 
recombinant nucleic acid molecule comprises a nucleotide coding sequence that encodes a 
HCV nonstructural protein that compnses NS5. In other preferred embodiments, the 
30 recombinant nucleic acid molecule comprises a nucleotide coding sequence that encodes a an\ 
combination of HCV nonstructural proteins including NS3, NS4. and NS5 




• 
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In some preferred embodiments, the recombinant nucleic acid molecule 



comprises a nucleotide codmg sequence that encodes a HCV nonstructural protein that 
comprises a fragment of HCV NS3, NS4, or NS5 protein, or a combination thereof. The 
fragments include, but are not limited to, fragments containing 10, 25, 50, 75, 100, 150, 200, 
5 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or 1000 amino 
acids of the corresponding nonstructural protein. In addition, the fragment can comprise a 
portion of the carboxy terminus of the protein, amino terminus, or any portion therebetween. 
One skilled in the art can readily prepare immunogenic fragments of the HCV nonstructural 
proteins or fusion proteins containing immunogenic fragments of any combination of 

10 nonstructural proteins. Thus, it is contemplated that the recombinant nucleic acid molecule 
comprising a nucleotide coding sequence that encodes a HCV nonstructural protein may 
comprise less than the entire HCV nonstructural gene product without substantially altering 
the effectiveness of the vaccine. It is also contemplated that at least one nucleotide, as well 
as multiple, substitution may be made in the nucleotide coding sequence without affecting the 

15 amino acid sequence of the protein. It is also contemplated that at least one conservative 
amino acid substitution, as well as multiple substitutions, may be made throughout the protein 
without substantially reducing the immunogenic activity of the HCV nonstructural protein. 



comprises a fragment of the 5' UTR that includes the last 9 nucleotides of the HCV 5' UTR, 
20 the last 25 nucleotides of the HCV 5' UTR, the last 50 nucleotides of the HCV 5' UTR, the last 
75 nucleotides of the HCV 5' UTR, the last 100 nucleotides of the HCV 5' UTR, the last 150 
nucleotides of the HCV 5' UTR, the last 200 nucleotides of the HCV 5' UTR, the last 250 
nucleotides of the HCV 5* UTR, or the last 300 nucleotides of the HCV 5* UTR. In some 
preferred embodiments, the gene construct includes the entire HCV 5' UTR. In some 
25 preferred embodiments, the gene construct includes the 9 most 3' nucleotides of the HCV 5' 
UTR. The entire HCV 5' UTR of a preferred embodiment is GCCAGCCCCC 
GATTGGGGGCGACACTCCACCATAGATCACTCCCCTGTGAGGAACTACTGTCT 
TCACGCAGAAAGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAG 
CCTCCAGGACCCCCCCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGT 
30 GAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGGATCAACCCG 
CTCAATGCCTGGAGATTTGGGCGTGCCCCCGCGAGACTGCTAGCCGAGTA 



In some embodiments of the invention, the recombinant nucleic acid molecule 
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GTGTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGA 
GTGCCCCGGGAGGTCTCGTAGACCGTGCACC (SEQ ID NO:2). 



include: a promoter, an initiation codon, a stop codon, and a polyadenylation signal, in 
5 addition, enhancers are often required for gene expression. It is necessary that these elements 
be operably linked to the sequence that encodes the HCV nonstructural protein and that the 
regulatory elements are operable in the individual to whom they are administered. Initiation 
codons and stop codon are generally considered to be part of a nucleotide sequence that 
encodes the HCV nonstructural protein. 

1 0 Promoters and polyadenylation signals used must be functional within the cells 

of the individual. In order to maximize protein production, regulatory sequences may be 
selected which are well suited for gene expression in the cells the construct is administered 
into. Moreover, codons may be selected which are most efficiently transcribed in the cell. 
One having ordinary skill in the art can produce DNA constructs which are functional in the 

1 5 mammalian, preferably human, cells. 



production of a genetic vaccine for humans, include but are not limited to promoters from 
Simian Virus 40 (SV40), Mouse Mammary Tumor Virus (MMTV) promoter. Human 
Immunodeficiency Virus (HIV) such as the HIV Long Terminal Repeat (LTR) promoter, 
20 Moloney virus, ALV, Cytomegalovirus (CMV) such as the CMV immediate early promoter, 
Epstein Barr Virus (EBV), Rous Sarcoma Virus (RSV) as well as promoters from human 
genes such as human Actin, human Myosin, human Hemoglobin, human muscle creatine and 
human metalothionein. 



25 especially in the production of a genetic vaccine for humans, include but are not limited to 
SV40 polyadenylation signals and LTR polyadenylation signals. In particular, the SV40 
polyadenylation signal which is in pCEP4 plasmid (Invitrogen, San Diego CA). referred to 
as the SV40 polyadenylation signal, is used. 



30 elements may also be included in a gene construct. Such additional elements include 
enhancers. The enhancer may be selected from the group including but not limited to: human 



The regulatory elements necessary for gene expression of a DNA molecule 



Examples of promoters useful to practice the present invention, especially in the 



Examples of polyadenylation signals useful to practice the present invention. 



In addition to the regulator>^ elements required for gene expression, other 
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Actin, human Myosin, human Hemoglobin, human muscle creatine and viral enhancers such 
as those from CMV, RSV and EBV. 

Gene constructs can be provided with mammalian origin of replication in order 
to maintain the construct extrachromosomally and produce multiple copies of the construct 
5 in the cell. Plasmids pCEP4 and pREP4 from Invitrogen (San Diego, CA) contain the Epstein 
Ban* virus origin of replication and nuclear antigen EBNA-1 coding region which produces 
high copy episomal replication without integration. 

Routes of administration include, but are not limited to, intramuscular, 
intraperitoneal, intradermal, subcutaneous, intravenous, intraarterially, intraoccularly and oral 

10 as well as transdermally or by inhalation or suppository. Preferred routes of administration 
include intramuscular, intraperitoneal, intradermal and subcutaneous injection. Delivery of 
gene constructs which encode HCV nonstructural protein can confer mucosal immunity in 
individuals immunized by a mode of administration in which the material is presented in 
tissues associated with mucosal immunity. Thus, in some examples, the gene construct is 

15 delivered by administration in the buccal cavity within the mouth of an individual. 

Gene constructs may be administered by means including, but not limited to, 
traditional syringes, needleless injection devices, or "microprojectile bombardment gene 
guns". Alternatively, the genetic vaccine may be introduced by various means into cells that 
are removed from the individual. Such means include, for example, ex vivo transfection, 

20 electroporation, microinjection and microprojectile bombardment. After the gene construct 
is taken up by the cells, they are reimplanted into the individual. It is contemplated that 
otherwise non-immunogenic cells that have gene constructs incorporated therein can be 
implanted into the individual even if the vaccinated cells were originally taken from another 
individual. 

25 According to some embodiments of the present invention, the gene construct is 

administered to an individual using a needleless injection device. According to some 
embodiments of the present invention, the gene construct is simultaneously administered to 
an individual intradermally, subcutaneously and intramuscularly using a needleless injection 
device. Needleless injection devices are well known and widely available. One having 

30 ordinary skill in the art can, following the teachings herein, use needleless injection devices 
to deliver genetic material to cells of an individual. Needleless injection devices are well 
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suited to deliver genetic material to all tissue. They are particularly useful to deliver genetic 
material to skin and muscle cells. In some embodiments, a needleless injection device may 
be used to propel a liquid that contains DNA molecules toward the surface of the individual's 
skin. The liquid is propelled at a sufficient velocity such that upon impact with the skin the 
5 liquid penetrates the surface of the skin, permeates the skin and muscle tissue therebeneath. 
Thus, the genetic material is simultaneously administered intradermally, subcutaneously and 
intramuscularly. In some embodiments, a needleless injection device may be used to deliver 
genetic material to tissue of other organs in order to introduce a nucleic acid molecule to cells 
of that organ. 

10 The genetic vaccines according to the present invention comprise about 1 

nanogram to about 1000 micrograms of nucleic acid, preferably DNA. In some preferred 
embodiments, the vaccines contain about 10 nanograms to about 800 micrograms of nucleic 
acid- In some preferred embodiments, the vaccines contain about 0.1 to about 500 
micrograms of nucleic acid. In some preferred embodiments, the vaccines contain about 1 to 
1 5 about 350 micrograms of nucleic acid. In some preferred embodiments, the vaccines contain 
about 25 to about 250 micrograms of nucleic acid. In some preferred embodiments, the 
vaccines contain about 100 micrograms nucleic acid. One skilled in the art can readily 
formulate a vaccine comprising any desired amount of nucleic acid. 

The genetic vaccines according to the present invention are formulated according 
20 to the mode of administration to be used. One having ordinary skill in the art can readily 
formulate a pharmaceutical composition that comprises a gene construct. Pharmaceutical 
compositions of the present invention include single genetic constructs encoding either NS3, 
NS4, or NS5, or any combination thereof Alternatively, pharmaceutical compositions of the 
present invention include multiple genetic constructs encoding either NS3, NS4, or NS5, or 
25 any combination thereof In addition, phamiaceutical compositions of the present invention 
include single or multiple genetic constructs encoding a fragment of NS3, NS4, or NS5, or 
any combination thereof In addition, pharmaceutical compositions of the present invention 
include a single genetic construct encoding fusion proteins of all or any fragment of NS3, 
NS4, or NS5 proteins. In some cases, an isotonic formulation is used. Generally, additives 
30 for isotonicity can include sodium chloride, dextrose, mannitol, sorbitol and lactose. In some 
cases, isotonic solutions such as phosphate buffered saline are preferred. Stabilizers include 
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gelatin and albumin. In some embodiments, a vasoconstriction agent is added to the 
formulation. The pharmaceutical preparations according to the present invention are provided 
sterile and pyrogen free. 



5 in conjunction with agents that increase uptake and/or expression of the gene construct, 
referred to herein as "facilitators," by the cells relative to uptake and/or expression of the gene 
construct by the cells that occurs when the identical genetic vaccine is administered in the 
absence of such agents. Such agents and the protocols for administering them in conjunction 
with gene constructs are described in U.S. Patents 5,830,876, 5,593,972, 5,739, 1 1 8 and PCT 

10 Patent Application Serial Number PCT/US94/00899 filed January 26, 1994. Examples of 
such agents include: CaP04, DEAE dextran, anionic lipids; extracellular matrix-active 
enzymes; saponins; lectins; estrogenic compounds and steroidal hormones; hydroxylated 
lower alkyls; dimethyl sulfoxide (DMSO); urea; and benzoic acid esters anilides, amidines, 
urethanes and the hydrochloride salts thereof such as those of the family of local anesthetics. 

15 In addition, the gene constructs are encapsulated within/administered in conjunction with 
lipids/polycationic complexes. A preferred facihtator is bupivicaine. The compositions can 
be conveniently administered in unit dosage form and may be prepared by any of the methods 
well known in the pharmaceutical art, for example, as described in Remington's 
Pharmaceutical Sciences (Mack Pub. Co., Easton, PA, 1980), the disclosure of which is 

20 incorporated herein by reference in its entirety. 



encoding for three different nonstructural proteins of HCV is shown to elicit strong antigen- 
specific immune responses in both arms of the immune system. After three immunizations, 
all animals developed detectable antibody responses. In this regard, these, nonstaiclural 

25 proteins are far better antigens to stimulate humoral immune responses compared to previous 
studies using the structural HCV core structural protein. Tokushige, et ai , Hepatolog}\ 1 996, 
24^ 14-20;andGeissler. e/a/., J. /mww«o/.. 1997. 755, 1231-1237. In preferred embodiments, 
the humoral immune response to the nonstructural proteins may be enhanced by addition of 
compounds which activate antigen presenting cells, such as. for example, cytokine expressing 

30 plasmids,suchasIL-2andGM-CSF. Geissler, ImmunoL. 1997, 1231-1237: and 

Xiang, /mw»;2/r\\ 1995,2, 120-135. Generation of inflammator\' CD4+ T-cell responses with 



The gene constructs of the invention may be formulated with or administered 



In the examples provided below, DNA-based vaccination with plasmids 
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a predominant T^l phenotype were demonstrated for all three plasmids encoding for NS3, 
NS4 and NS5. In addition, a strong and specific CD8+ CTL response was generated 
particularly for NS3 and NS5 with production of lysis values that have previously been shown 
to induce protection against a vanety of pathogens in animal model systems. Tascon, et ai. 
5 Nat. Med., 1996, 2, 888-892; and Huygen, et ai^ Nat. Med., 1996, 2, 893-898. Moreover, it 
was determined if CTL-responses generated by DNA based mutation would protect animals 
against tumor formation using syngeneic SP2/0 tumor cells stable transfected with a cDNA 
encoding for NS5 protein. Approximately 60% mice were protected against tumor formation 
thus indicating the high level CTL activity, produced in vivo by this immunization approach. 

10 Further, tumor weight in those animal who developed tumors was significantly reduced 
compared to notice immunized with mock DNA or recombinant NS5 protein. This model also 
demonstrates the capability of assessing high level cellular it immune responses against 
flavi viral nonstructural proteins in an animal model as measured inhibition of tumor growth. 

The results disclosed herein teach that DNA-based immunization with gene 

15 constructs encoding HCV nonstructural proteins, as described herein, are useful for 
therapeutic treatment of individuals having HCV as well as for prophylactic vaccines against 
HCV. 

The invention is further illustrated by way of the following examples which are 
intended to elucidate the invention. These examples are not intended, nor are they to be 
20 construed, as limiting the scope of the disclosure. 

EXAMPLES 

Example 1: Design and Construction of HCV Expression Vectors 

The genes encoding for the individual nonstructural proteins were cloned w^th 
engineered start and stop codons into an expression plasmid driven by a CMV-promoter and 
25 RSV enhancer (pAp031). The expression vector (pcDN A3) containing a selection marker was 
also used to generate stable SP2/0 transfected cell lines (see Fig. 1 A). 

As a source of viral genes, a plasmid designated pBRTM/HCVl covering the 
full-length ORF of HCV was used to clone into the expression vectors of the present 
invention. Grakoui, et ai. J. Virol.. 1993, 6"^, 1385-1395, the disclosure of which is 
30 incorporated herein bv reference in its entirety. Altcmati\'cly, nucleotide sequences encoding 
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HCV can be obtained from GenBank Accession Numbers X61596 and D 16435, the 
disclosures of which are incorporated herem by reference in their entirely. Constructs 
pAp031-NS3, pAp031-NS4 and pAp031-NS5 were PCR-cloned after mserting engineered 
start- and stop-codons as well as restriction enzyme sites using the following primers: for 
5 NS3: 5'-GGTCTAGATTGATGGCGCCCATCACGGC~3' (Xba I) (SEQ ID NO:3), 5'- 
CACACGCGTTCACGTGACGACCTCCAGGT-3' (Mlu I) (SEQ ID NO:4), For NS4: 5* 
GGTCTAGATGAGCACCTGGGTGCTC-3' (Xba I) (SEQ ID NO:5), 5'- 
CC AGGATCCTCAGCATGGAGTGGTACA-3' (BaniH I) (SEQ ID NO:6), and for NS5 : 5'- 
TCAGTCTAGAATGTCCGGCTCCGGCTCCTGGCTA.4GGGA-3' (Xba I) (SEQ ID NO:7), 

1 0 5'-AGCTACGCGTTCACCGGTTGGGGAGGAGGT-3' (Mlu I) (SEQ ID NO:8). After PCR- 
amplification using a high fidelity PGR System (Boehnnger Mannheim, Indianapolis, FN), the 
cDNA fragments were inserted into a plasmid expression vector pAp03I containing an RSV 
enhancer element and driven by a CMV promoter (Apollon, Malvern PA,). Constructs were 
grown in DH5a cells and plasmid DNA was subsequently purified by either 2 x 

15 cesium chloride centrifugation or Qiagen Giga Kit using the endofree buffer system (Santa 
Clara, CA). Certification of the nonstructural gene inserts was performed by sequencing 
analysis using standard methods. 

For establishing stable NS3, NS4 and NS5 expressing cell lines as target cells 
for the CTL-assays, the nonstructural protein encoding gene fragments were cloned into the 

20 pcDNA3 and pcDNA3 . 1 Zeo(-) expression vectors (Invitrogen, San Diego) with a neomycin 
selectable marker. First, a Xba I and Mlu I fragment of NS3 and NS5 was subcloned into the 
Nhe I/Mlu I site of Litmus -38 vector (New^ England Biolabs, MA), then cut with EcoR I and 
Sal I and religated into the EcoR I/Xho I multiple cloning site of pcDNA3 and pcDNA 
3.1/Zeo (-), respectively. A Xba I and BamH I fragment containing NS4 was relegated into 

25 Litmus -20 (New England Biolabs). recut with Kpn I and EcoR I and subsequently ligated into 
the pcDNA3 vector. Plasmids were designated pcDNA3-NS3, pcDNA3-NS4 and 
pcDNA3.L/Zeo(l)-NS5. 

One skilled in the art having the DNA sequences encoding any of the HCV 
nonstructural proteins can design primers for prepanng any of the gene constructs of the 

30 present invention. In addition, nucleotide base substitutions may be made without affecting 
the binding of the primers. Moreover, the primers may be prepared with endonuclease 
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restriction sites for cloning and ligating purposes, as known to those skilled in the art. Thus, 
one skilled in the art can prepare any of the gene constructs of the present invention by 
designing the appropriate primers and performing PCR amplification. The PCR products arc 
ligated into an expression vector. 

Plasmids comprising the nucleotide coding sequence for the HCV nonstructural 
proteins descnbed above each contain the nucleotide coding region for the HCV nonstructural 
protein placed under the transcriptional control of the CMV promoter and the RSV enhancer 
element. 

Example 2: In Vitro Expression 

The plasmid constructs were sequenced across the gene inserts and protein 
expression was certified in vitro in HuH-7 cells after transient transfection and in SP2/0 target 
cells after stable transfection, respectively. Protein bans of about 70 for NS3, 30 for NS4 and 
125 kD for NS5 were found to be expressed within the cell but not secreted into the culture 
medium (see Figure IB). 

HuH-7 human hepatoma cell line was transiently transfected with the various 
constructs by the calcium phosphate method to assess expression levels of HCV nonstructural 
proteins. In brief, cell lysates were prepared in modified RIPA buffer (0. 1 5 M NaCk 1 % NP- 
40, 50 mM Tris, 0.5% DOC and 1% SDS), after metabolic labeling with ^'S-methionine and 
cysteine for 4 hours. Cell lysates were precleared with horse serum and then bound to 
Sepharose A by preincubation overnight with polyclonal antisera WU 1 1 0 (NS3), W 148/1 5 1 
(NS4) and WU 115 (NS5). Grakoui, et ai. J. ViroL. 1993, 67, 1385-1395, which is 
incorporated herein by reference in its entirety. After separating the proteins by SDS-PAGE, 
the gels w^ere dried, followed by autoradiography. The NS5 protein expression was also 
determined by Western blot and immunofluorescence analysis using a murine mAb 
(Biogenesis, Sandown, NH). To generate stably transfected cell lines expressing NS3, NS4 
and NS5, a syngeneic BALB/c mouse myeloma derived cell line SP2/0 was transfected by 
elcctroporation with the pcDNA3 plasmid containing the viral gene insens of interest. Cells 
growing under G4 1 8 selection were cloned by limited dilution (0.3 cell/well ) and screened by 
the methods described above. 
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pcD3 and pcD3 . 1 plasmids containing a neomycin or zeomycin resistance gene, 
respectively, were used for cloning the HCV nonstructural genes and generating stable 
syngeneic target cell lines. After transient transfection of HuH-7 cells with these constructs 
and controlling for transfection efficiency with abeta-galactosidase assay, cells were starv^ed 

5 for 30 min in methionine and cysteine free medium and labeled for 4 hours with -'^S- 
methionine and cysteine. Cell lysates were immunoprecipitated with polyclonal rabbit sera 
specific for the nonstructural proteins and captured by Sepharose A beads, analyzed by SDS- 
PAGE followed by autoradiography. Lanes 1, 3 and 5 are mock DNA transfected cells and 
serve as a negative controls (Mock). Lanes 2, 4 and 6 show specific bands of about 70 for 

10 NS3, about 30 for NS4 and 125 kD for NS5. (Lane 7-10): SP2/0 cells were transfected with 
pcD3 based constructs containing the genes for NS3, NS4 andNS5. After antibiotic selection 
cells were cloned by Umiting dilution (0.3 cells/well), and expanded and analyzed either by 
radioactive labeling and immunoprecipitation of NS3 or Western blot for NS5 as described 
above. Lane 7 and 9, represent cell lysates derived from cells stable expressing HCV-core 

15 protein as negative control (SP2-19), lane 8 and 10 specific expression of NS3 and NS5. 
These cells were used for in vitro stimulation and as target cells in the CTL-assays. 



Example 3: Immunization Protocol 

Female B ALB/c (h-2d) mice were kept under standard-pathogen- free conditions 
in the animal facility of the Massachusetts General Hospital. Mice were obtained from 

20 Charles River Laboratories (Wilmington, MA) and used at the age of 6 to 20 wrecks for the 
in vivo studies. A total of 1 00 A^g of plasmid DNA in 1 00 u\ of 0.9% NaCl were injected two 
and three times over five different sites into the quadriceps muscle of the mice. Boostered 
injections were given into the opposite leg every fourteen days. As positive controls for all 
immunologic experiments, 5 ug of recombinant NS3, NS4 and NS5 nonstructural protein 

25 (Mikrogen. Munich) was injected i.p. in CPA at day 0 and boostered with the same amount 
of protein in 0.05% SDS four and eights weeks later. As negative controls for these 
experiments empty plasmid vector and recombinant hepatitis B surface antigen (HbsAg) 
(Energix, Smith Kline Beecham, Philadelphia) were employed. All mice w^ere sacrificed ten 
days after the last immunization. 
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Example 4: Measurement of Humoral Immune Responses 

Levels of anti-NS3, NS4 and NS5 antibodies were determined in the serum of 
each immunized animal by an established ELISA technique. In brief, microtiter plates 
(Falcon, Microtest IIIM Flexible Assay Plate) were coated with the above-descnbed 

5 recombinant proteins overnight at 4C (0.5 ug/well). After blocking with fetal bovine serum 
(FBS) for 2 hours at 20C, a 1:50 dilution of mouse serum was added to the plates and 
incubated at 20C for an additional hour. After washing 4 x with phosphate buffered saline 
(PBS) containing 0.05% Tween-20, a horseradish peroxidase labeled anti-mouse antibody 
(Amersham, Arlington Heights, IL) was applied at a 1:2000 dilution. Following a 1 hour 

1 0 incubation, plates were washed and substrate was added for color development and read in an 
automatic reader. 

Specific antibody responses directed against all three nonstructural proteins were 
found in all immunized animals using an enzyme-linked immunosorbent assay (ELISA) 
following three immunization. No antigen specific immune responses were detected in mice 

15 immunized with mock DNA (see Figure 2A). As positive controls, mice were vaccinated 
three times intraperitoneally (i.p.) with recombinant NS3, NS4 and NS5 nonstructural proteins 
in combination with complete Freund's adjuvant (CFA) and, as expected, demonstrated a 
strong humoral immune response (data not shown). 

Figure 2A shows humoral immune responses to NS3, NS4 and NS5 generated 

20 by DNA-based immunization. Serum antibody levels were measured by an ELISA (each 
group: n=5). Controls included wells coated with BSA and sera derived from Mock 
immunized mice. As positive controls mice were immunized i.p. with recombinant proteins 
(data not shown). Figure 2B show^s T-cell proliferation measured 3 days after in vitro 
stimulation with specific or nonspecific recombinant proteins. Cells were incubated with H'- 

25 thymidine for 1 8 hours and harvested. The A cpm was determined by subtracting background 
activity (e.g. incubation without antigen). Incubation of cells with 1 A^g of recombinant NS3 
protein was toxic and therefore no proliferation was seen. Mice immunized with recombinant 
protein in conjunction with CFA had a 5 to 10 fold higher response (data not shown). 
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Example 5: Lymphoproliferation and Cytokine Release Assays 

Mice were anesthetized with isoflurane ( Aerrane, Anaquest, NJ ) and spleen cells 
were har\ ested. Erythrocytes were removed by incubation in 0.83% NH4CI/0. 1 7M Tns pH 
7.4, for 5 minutes at 25C. Spleen cells were washed two times and cultured in triplicate using 
5 96 well round bottom plates at 5x10' cells/ well in 200 ful complete DMEM (Mediatech, 
Washington, DC) containing 10% FBS and 2-mercaptoethanol. Cells were stimulated with 
recombinant nonstructural protein (NS3, NS4 and NS5) (Mikrogen, Munich) at different 
concentrations (0,0,01,0.1 and 1 /ug/m\). As negative controls, effector cells were stimulated 
with recombinant HCV-core or HbsAg proteins (Energix) at the same concentrations. After 

10 stimulation for 3 days, ^H-thymidine was added (1 uCi/well). Cells were incubated for 
additional 18 hours and the ^H-thymidine incorporation into DNA was measured after 
harvesting. Incorporation of radioactivity was corrected for background activity (A cpm). For 
determination of cytokine release effector cells were cuhured as described above and IL-2, IL- 
4 and interferon-y levels were measured in the culture supernatant by commercial kits 

15 according to manufacturer's instructions (Endogen, Boston, MA). 

In order to investigate cell-mediated immune responses to the nonstructural 
proteins, spleen cells were harvested and restimulated with either recombinant antigen or 
antigen expressed by stable transfected cell lines in vitro. Substantial lymphocyte 
proliferation was induced by all nonstructural proteins at different antigen concentrations as 

20 measured by [^H]thymidine incorporation (see Figure 2B). Immunization with recombinant 
protein i.p., as a means of generating maximum stimulation, produced a 5-10 fold higher 
lymphocyte proliferative rate for all three proteins (data not shown). The cytokine profile 
measured after DNA based immunization demonstrated a classic Tl response with high levels 
of IFN-y (Figure 2C) and IL-2 (Figure 2D) secreted into the cell culture medium. In contrast, 

25 very little IL-4 production was observed after genetic immunization with genes encoding for 
the HCV nonstructural protems (Figure 2E). 

Figures 2C, 2D, and 2E show cytokine secretion into the supernatant measured 
after 48 hours of /// viiro stimulation. All DNA-constructs encoding for NS3, NS4 and NS5 
proteins induced a Th 1 -type cytokine profile. For comparison results are shown immunizing 

30 mice three times i.p. with recombinant proteins (n^4). As a negative control, mice were 
immunized with recombinant HbsAg. 
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Example 6: Cytotoxic T-Lymphocyte Activitj 

Spleen cells derived from immunized mice were suspended in complete DMEM 
with 10% PCS and 2-mercaptoethanol (5 x lO 'M) and analyzed for cytotoxic activity 
following 5 days of in vitro stimulation. Recombinant murine IL-2 was added once at a 
5 concentration of 5 U/ml and responder cells (4 x 10^) were co-cultured with 2 x 10*^ irradiated 
( 1 0,000 rad) syngeneic SP2/0 cells stably expressing either the full length NS3 or NS5 protein 
(SP2/NS3-3, SP2/NS5-21), After 5 days, cytotoxic effector lymphocyte populations were 
harvested and a 4 hour ^'Cr-release assay was performed in 96 well round bottom plates using 
^^Cr-labeled Sp2/NS3-3 or SP2/NS5-2 1 . Parental SP2/0 or SP2-1 9 expressing the HCV core 

10 protein were used as controls for antigen specificity of lysis and background activity. Assays 
for CTL activity were performed at lymphocyte effector to target (E:T) ratios of 1 00: 1 , 30: 1 , 
10:1 and 3:1, respectively. T cell depletion experiments were employed by incubating 
effector cells with either an anti-CD4+ or CD8+ mAb containing hybridoma supernatant GK 
1.5 (anti-CD4, rat); 3.155 (anti-CD8, rat)) for 30 min at 4C, washed, then incubated at 37C 

15 with complement (1:5 dilution of low toxicity rabbit complement (Cedarlane Laboratories, 
Ontario, Canada)). 

Because CTL responses are essential to eliminate virus from infected cells, the 
ability of splenocytes derived from immunized mice to lyse syngeneic SP2/0 murine 
myeloma target cells stable transfected and expressing NS3 and NS5 proteins was analyzed 

20 in a ^*Cr-release assay. The NS3 and NS5 immunized mice exhibited a strong and specific 
cytotoxic T-cell response after 5 days of in vitro stimulation, whereas low activity w^as 
observed against SP2/0 or SP2-19 (stable expressing HCV - core protein) cells used as 
controls for target cell specificity (Figures 3 A and 3B). To demonstrate the phenotype of cells 
producing the specific lysis, splenocytes w^ere incubated with CD8-H or CD4+ reactive 

25 monoclonal antibodies (mAbs) in the presence of complement. The cytotoxic activity was 
mediated by CD8+ cells (Figure 3C). We were unable to establish SP2/0 cell lines stable 
expressing NS4 protein and therefore CTL activity was not measured against this HCV 
nonstructural protein. 

Figure 3 shows cytotoxic T-cell (CTL) response to NS3 (A) and NS5 (B) at 

30 different effector to target cell ratios (100:1, 30:1, 10:1, 3:1 ). Splenoc>4es were incubated in 
vitro with irradiated stable NS3 and NS5 expressing mouse myeloma cells for five days (n=5 ). 



wo 99/38880 PCT/US99/01 823 

-22- 

Subsequently, CTL activity was determined in a 4 hour Cr^' release assay against the stable 
transfected target cell lines. Background activity against SP2/0 or SP2-1 9 (expressing HCV- 
core) was subtracted to reveals specific lysis values. Figure 3C shows that in T-cell depletion 
experiments (n=^3 ), cells v.^ere incubated for 30 min on ice with anti-CD8-i- or CD4+ m Abs and 
5 followed by 30 min incubation 37C with complement. Controls cells were mcubated without 
complement and anti-CD8+ or anti-CD4- mAbs. Background activity was determined 
against SP2-19 cells as a nonrelevant negative control cell line that is stable transfected with 
a HCV core expression construct. 

Example 7: Assessment of Cytotoxic T-Lymphocyte Activity In Vivo 

1 0 CTL experiments have been extremely difficult to perform because no one has 

been able to establish, until now, stable cell lines expressing the nonstructural proteins for use 
in CTL activity. Mice were immunized intramuscularly (i.m.) three times with either mock 
DNA or pApNSS vector. Some animals were also immunized i.p. with recombinant NS5 
protein or a combination of the both. Recombinant protein (5 i-P ) was given as mixture 

15 of NS5-4 (aa 2622-2868) and NS5-12 (aa 2007-2268) E.coli expressed protein (Mikrogen, 
Munich, Germany) covering parts of HCV-NS5a and HCV NS5b regions (about 50% of full 
length NS5). One week after the last immunization with the various plasmid constructs or 
recombinant protein, 2 x 10^* syngeneic SP2/0 derived cells stable expressing NS5 were 
washed and resuspended in 200 ^\ PBS an inoculated subcutaneously into the right flank. 

20 SP2/0 cells were either expressing HCV NS5 (SP2/NS5-21) or HCV core protein SP2/19). 
In this animal model, tumor formation was assessed 1 5 days after inoculation and the number 
of animals with tumors and tumor weight was determined. 

Only 40% of mice immunized with mock DNA and, challenged with a NS5 
expressing murine myeloma cell line (SP2/NS5-21) developed tumors after 15 days. 

25 Moreover, tumor size was less as determined by measurement of tumor weight as compared 
to mice inmiunized with mock DNA or recombinant NS5 protein or mice immunized with the 
same syngeneic SP2/0 cell line expressing a different HCV structural protein (HCV-core) as 
a control (Figures 4A and 4B). Indeed, 90 - 100 ^/o of mice immunized with mock DNA or 
challenged with SP2-19 cells demonstrated tumor formation, thus demonstrating the 
30 specificity of the CTL activity in this small animal tumor model. It is important to emphasize 
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that immunization with recombmant NS5 protein in CFA does not protect animals against 
tumor formation. To assess the effect of a combination of DNA-based immunization and 
recombinant protem vaccination, one group of animals was immunized with both. There was 
partial protection against tumor formation but this regimen was not as effective as animals 
5 immunized three times with DNA encoding for NS5 protein (Figure 4A). 

Figure 4A shows representative results obtained from a tumor model to assess 
CTL activity. Mice were immunized three times i.m. with either pApNSS or Mock DNA ( 1 00 
fj.g) or recombinant NS5 protein i.p. (5 f^g). The final group received a combination of DNA- 
immunization and recombinant protein. Fifteen days after tumor challenge with SP2NS5-2 1 

10 or SP2-10 cells, the number of mice that developed tumors was determmed and the tumor 
weight was measured. Figure 4B, from left to right, shows animal immunized with Mock 
DNA and challenged with SP2/NS5-2 1 cells; animal immunized with pApNS5 and challenged 
with SP2/NS5-21 cells; animal immunized with pApNS 5 and challenged with SP2-19, (stable 
expressing HCV core);and animal immunized three times i.p. with recombinant NS5 protein 

15 and challenged with SP2/NS5-21 cells. Large tumor formed on the right flank in the first, 
third and fourth animal, but not in the second, which was immunized with pApNSS and 
challenged with the NS5 stable expressing murine myeloma cell line. 
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WHAT IS CLAIMED IS: 

1. A recombinant nucleic acid molecule comprising a nucleotide sequence 
encoding a hepatitis C virus nonstructural protein. 

2. The recombinant nucleic acid molecule of claim 1 wherem said nonstructural 
5 protein is selected from the group consisting of NS3, NS4, and NS5. 

3. The recombinant nucleic acid molecule of claim 1 wherein said nucleotide 
sequence encodes a fusion protein encoding NS3, NS4, or NS5, or any combination thereof. 

4. The recombinant nucleic acid molecule of claim 1 wherein said nucleotide 
sequence encodes a fragment of at least 50 amino acids of nonstructural protein selected from 

10 the group consisting of NS3, NS4, and NS5. 

5. The recombinant nucleic acid molecule of claim 2 wherein said nucleotide 
sequence is operably linked to regulatory elements functional in human cells. 

6. The recombinant nucleic acid molecule of claim 5 wherein said nucleotide 
sequence is operably linked to a promoter, enhancer, polyadenylation sequence, and optionally 

15 5' UTR of hepatitis C virus. 

7. The recombinant nucleic acid molecule of claim 6 wherein said promoter is a 
cytomegalovirus promoter and said enhancer is a Rous Sarcoma Virus enhancer. 

8. A recombinant host cell comprising a nucleic acid molecule of claim 1 . 

9. A pharmaceutical composition comprising: 

20 a) a recombinant nucleic acid molecule of claim 1 wherein said nucleotide 

sequence is operably linked to regulator\^ elements functional in human cells; and 
b) a pharmaceutically acceptable carrier or diluent. 
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10, The pharmaceutical composition of claim 9 wherein said nucleotide sequence 
encodes a nonstructural protein selected from the group consisting of NS3, NS4, and NS5. 

1 1. The pharmaceutical composition of claim 9 wherein said nucleotide sequence 
encodes a fusion protein encoding NS3, NS4, or NS5, or any combination thereof. 

5 12. The pharmaceutical composition of claim 9 wherein said nucleotide sequence 

encodes a fragment of at least 50 amino acids of nonstructural protein selected from the group 
consisting of NS3, NS4, and NS5. 

13. The pharmaceutical composition of claim 10 wherein said regulatory elements 
functional in human cells comprise a promoter, enhancer, polyadenylation sequence, and 

1 0 optionally 5' UTR of hepatitis C virus. 

14. The pharmaceutical composition of claim 13 wherein said promoter is a 
cytomegalovirus promoter and said enhancer is a Rous Sarcoma Virus enhancer. 

15. The pharmaceutical composition of claim 9 further comprising a facilitator. 

16. The pharmaceutical composition of claim 15 wherein said facilitator is 
15 bupivicaine. 

18. A method of inducing an immune response against hepatitis C virus in a human 

uninfected by hepatitis C virus comprising administering to said human an amount of at least 
one recombinant nucleic acid molecule of claim 1 in an amount effective to induce an immune 
response against hepatitis C virus. 



20 1 9- The method of claim 1 8 wherein said nonstructural protein is selected from the 

group consisting of NS3, NS4, and NS5. 
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20. The method of claim 18 wherem said nucleotide sequence encodes a fusion 
protein encodmg NS3, NS4, or NS5, or any combination thereof 

21 . The method of claim 1 8 wherein said nucleotide sequence encodes a fragment 
of at least 50 amino acids of nonstructural protein selected from the group consisting of NS3, 

5 NS4, and NS5. 

22. The method of claim 19 wherein said nucleotide sequence is operably linked to 
regulatory elements functional in human cells. 

23 . The method of claim 22 wherein said nucleotide sequence is operably linked to 
a promoter, enhancer, polyadenylation sequence, and optionally 5' UTR of hepatitis C virus. 

10 24. The method of claim 23 wherein said promoter is a cytomegalovirus promoter 

and said enhancer is a Rous Sarcoma Virus enhancer. 

25. The method of claim 18 wherein said immune response comprises a cellular 
response. 

26. The method of claim 18 wherein said immune response comprises a humoral 
1 5 response. 

27. The method of claim 18 wherein said recombinant nucleic acid molecule is in 
a pharmaceutical composition comprising a pharmaceutically acceptable carrier or diluent. 

28. The method of claim 27 wherein said pharmaceutical composition further 
comprises a facilitator. 



20 29. The method of claim 28 wherein said facilitator is bupivicaine. 
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30. A method of immunizing a human susceptible to hepatitis C virus comprising 

administering to said human an amount of a pharmaceutical composition of claim 9 in an 
amount effective to induce an immune response. 

3 1 The method of claim 30 wherein bupivicaine is administered to said human at 

5 the site of administration of the pharmaceutical composition. 

32. A method of immunizing a human susceptible to hepatitis C virus comprising 
administering to said human an amount of a recombinant nucleic acid molecule of claim 1 in 
an amount effective to induce an immune response. 

33 . A method of treating a human who is infected with hepatitis C virus comprising 
10 administering to said human an amount of a pharmaceutical composition of claim 9 in an 

amount effective to induce a therapeutic immune response against hepatitis C virus. 



34. The method of claim 33 wherein bupivicaine is administered to said human at 

the site of administration of the pharmaceutical composition. 
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SEQUENCE LISTING 

<:110> Wanas, Sack R . 
Encke, Sens 

<i2C.> GENETIS IMMSNIZATION WITH NONSTRSCTURAL PROTEINS OE 
HEPATITIS C VIRUS 

<:30> mgh-0002 

<140^ Not Yet Assigned 
-:14I> 1999-01-28 

<15C> 60/073, 156 
<:15I> 1998-01-30 

<160> 8 

<17C> PatentIn Ver. 2.0 

<210> 1 

<211> 9 

<212> DNA 

<213> Artificial Sequence 

<220> 

<220> 

<223> Description of Artificial Sequence: synthetic 
sequence 

<40C> 1 
gccgccatg 

<210> 2 
<211> 341 
<212> DNA 

<213> Artificial Sequence 

<220> 
< 2 2 0 > 

<223> Description of Artificial Sequence: synthetic 
sequence 

<400> 2 

qccagccccc gattgggggc gacactccac catagatcac tcccctgtga ggaactactg 60 
tcttcacgca gaaagcgtct agccatggcg ttagtatgag tgtcgtgcag cctccaggac 120 
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czcczczc'zz gggaqagcca tagtggtictg cggaaccgqt gagtacaccg gaattigccag 13 0 

ga^gaccggg rccrrtctrg gatcaacccg ctcaacgcct ggagartTigg gcgtgccccc 24C 

gcgagactgc tagccgagra gtgrrgggtc gcgaaaggcc tcgtggrart gcctgatagg 3C0 

grgcttgcga gtgccccggg aggtctcgra gaccgtgcac c 34 1 

< 1" 1 3 > 3 
<.211> 23 
<:212> DNA 

<213> Artif:i.ciai Sequence 

<220> 

<220> 

<223> Description of Artificial Sequence: synthetic 
sequence 

<400> 3 

ggtctagatt gatggcgccc atcacggc 28 

<210> 4 
<211> 29 
<212> DNA 

<213> Artificial Sequence 

<220> 

<220> 

<223> Description of Artificial Sequence: synthetic 
sequence 

<400> 4 

cacacgcgtt cacgtgacga cctccaggt 29 

<210> 5 
<211> 25 
<212> DNA 

<213> Artificial Sequence 

<220> 
<220> 

<223> Description of Artificial Sequence: synthetic 
sequence 

<4C0> 5 

ggtctagatg agcacctggg tgctc 



"^2 1 0 > 6 
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•:223> Descripricn cf Ar-:i.ficxai Sequence: synthetic 
sequence 

<';C0> 6 

ccaggatcct cagcatggag tggtaca 

<210> ^ 
<211> 39 
<2 12> DNA 

<213> Artificial Sequence 

<220> 

<220> 

<223> Description of Artificial Sequence: synthetic 
sequence 

<400> 7 

tcagtctaga atgtccggct ccggctcctg gctaaggga 

<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<220> 

<223> Description of Artificial Sequence: synthetic 
sequence 

<400> 8 

agctacgcgt tcaccggttg gggaggaggt 
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